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ABSTRACT 

Metal chloride vapor and reducing gas are brought into contact to form 
metallic powder, the metallic powder is washed in carbonic acid aqueous 
solution, and the metallic powder is classified in a liquid phase. In this way, 
metallic powder, such as nickel powder, in which the content of chloride 

components is extremely small and the coarse particle content is small, can be 

i 

efficiently produced. 
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DESCRIPTION I 

I 
i 

PROCESS FOR PRODUCTION OF METALLIC POWDER, METALLIC 
POWDER, CONDUCTIVE PASTE CONTAINING THE METALLIC 
POWDER, AND MULTILAYER CERAMIC CAPACITOR 

I 

Technical Field 

i 

The present invention relates to a process for production of metallic 
powders such as nickel powder which is suitable as a raw material of 

conductive paste fillers used in electronic parts such as multilayer, ceramic 

i 

capacitors, and relates to the metallic powder, and relates to conductive paste 

containing the metallic powder and to multilayer ceramic capacitors. 

i 

Background Art ■ 

i 

Metallic powder having average particle diameters of 1 pm or less 
(which may be called "ultrafine" particles) such as Ni, Ag, Cu, or Fe are very 
useful as a conductive paste for electrical materials, in particular, for internal 
electrodes forming material or magnetic material used in multilayer ceramic 
capacitors. 

Heretofore, noble metallic powders such as Ag, Pd, Pt and Au or base 
metallic powders such as Ni, Co, Fe, Mo and W are used in conductive pastes 
for electrical materials, in particular, as conductive pastes forming internal 

electrodes for multilayer ceramic capacitors. Generally, a multilayer ceramic 

i 

capacitor is made by alternately laminating ceramic dielectric layers and 
metallic layers which are used as internal electrodes, and by forming external 
electrodes which are connected to the metallic layer of internal electrodes on 
both outsides of the ceramic dielectric layers. Material having a high 
dielectric constant material as a main component such as barium tjitanate, 

l | 

! 
I 
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strontium titanate and yttrium oxide are used in the dielectric substances. 
On the other hand, noble metallic powders or base metallic powders 
mentioned above are used as metal which forms the internal electrodes. 
However, since more inexpensive electrical materials are required recently, 
the latter base metallic powders are considered to be more useful. In 
particular, a multilayer ceramic capacitor in which electrodes are made by 
forming ceramic dielectric layers of ultrafine nickel layers having particle 
diameters of 0.1 to 1.0 pm have been greatly developed. 

Ultrafine metallic powders described above can be produced by various 
methods. Recently, vapor phase reduction, in which metal chloride vapor and 
reducing gas such as hydrogen are contacted, is widely adopted. By this 
method, ultrafine metallic powder having diameters of 1 pm or less can be 
obtained inexpensively, and the diameter of particles can be freely controlled. 

However, metal chloride and hydrochloric acid may remain on the 
surface of the ultrafine metallic powder when metal chloride is used as a raw 
material. These chloride components are difficult to remove by washing with 
water. Recently, the size of multilayer ceramic capacitors has been reduced 
and the capacitance of the multilayer ceramic capacitors has increased, and 
not only metallic powders having average diameters of 0.4 pm but also 
metallic powders having average diameters of 0.1 to 0.2 pm are required. 
However, the smaller the particle diameters become, the greater the chloride 
components contained in metallic powder produced in a reducing furnace 
become, and the chloride components are difficult to remove. 

These chloride components which are contained in metallic powder 
reduce the purity of the ultrafine metallic powder as product, promote 
oxidation of the metal, and cause the deterioration (rust) of the metal. 
Furthermore, the chloride components cause deterioration over time of the 

2 
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i 
i 

conducting paste, and they may influence the characteristics of the electrode 
formed by the paste. Therefore, ultrafine metallic powder which has less 
chloride components and higher purity is required as a material for electrodes 
used in, for example, multilayered ceramic capacitors. 

To remove chloride components contained in metallic power, washing 
process with water can be considered. However, the sedimentation rate of 
metallic powder in water becomes slower as chloride components are reduced 
by this water washing, it becomes difficult to separate and collect the metallic 
powder by decantation, and as a result, washing efficiency is reduced. 
Furthermore, yield of the product may be reduced by removing supernatant 
which contains metallic powder by decantation. Therefore, development of a 
technique to remove chloride components has become important. 

lb remove chloride components contained in metallic powder such as 
nickel powder, a technique in which metallic powder is washed with water 
which contains organic acid is disclosed in Japanese Unexamined Patent 
Application Publication No. 189813/99, and a technique in which metallic 
powder is washed with water which contains chelating agent is disclosed in 
Japanese Unexamined Patent Application Publication No. 346119/94. 
Although these techniques can remove the chloride component sufficiently, 
metallic powders aggregate together to form coarse particles, or precipitates 
may adhere. In a forming process for a membrane electrode having a 
thickness of about 1 to 2 pm, a non-uniform paste coating may be formed and a 
multilayered electrode membrane cannot be formed any longer if these coarse 
particles and aggregated coarse particles exist. Therefore, a removing 
process for the coarse particles is required using a method such as 
classification by a liquid cyclone. However, such coarse particles in which 

metallic powders are aggregated are difficult to remove. From this viewpoint, 

i 
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I 

the technique described above is insufficient. 

There is also another problem in that hydroxides of metals are 
generated on the surface of the metallic powder by washing the metallic 
powder in water Non-uniform oxide layer is formed on the surface of the 
metallic powder if the metallic powder having hydroxide on its surface is dried. 
As a result, dispersibility is deteriorated and the metallic powder j 
agglomerates together in the case in which conductive paste is formed. 
Furthermore, in the case in which the conductive paste is used as internal 
electrodes in a multilayer ceramic capacitor, cracking or delamination may 
occur because the sintering characteristics of the metallic powder are 
unstable. i 

Therefore, objects of the present invention are to provide aj process for 

production of metallic powder in which chloride components and hydroxide are 

i 

efficiently removed, chloride components are extremely small, and minimal 

coarse particles are included as an after treatment of the metallic powder 

i 

made by vapor phase reduction which is applied to metal chloride as a raw 

material, and also to provide the metallic powder produced by this method, 

i 

and conductive paste and multilayer ceramic capacitors formed by the 

i 

metallic powder. \ 

Objects of the present invention are described more concretely as 
follows. 

i 

(1) To provide a method in which chloride components contained in metallic 
powder can be washed and removed. 

i 

(2) To provide a washing method in which the metallic powder can precipitate 
immediately even after chloride components are removed. 

(3) Tb provide a washing method in which chloride components can be 
removed without organic compounds remaining on the surface of the metallic 

i 
i 

i 
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powder. ; 

i 

(4) To provide a method in which aggregation of the metallic particles does not 

1 

occur in the washing process and therefore classification can be applied 
efficiently. | 

(5) To provide metallic powder having sufficient dispersibility and sintering 

1 

characteristics by removing hydroxide and forming uniform oxide layer on the 

surface of the metallic powder. ' 

1 

Although the metallic powder produced in the present invention is very 

suitable as a raw material of internal electrodes in a multilayer ceramic 

capacitor, it is not limited to this, and this metallic powder is also suitable for 

other uses such as for sintered materials, magnetic materials, or catalysts. 

1 
1 

Disclosure of Invention 1 

The inventors performed further research to achieve the objects 

described above, and it became clear that chloride components and hydroxide 

i 

on the surface of the metallic powder can be efficiently removed by washing 
the metallic powder obtained by vapor phase reduction in carbonic acid 
aqueous solution. Furthermore, it also became clear that coarse particles can 
be removed extremely efficiently by applying classification process in liquid 
phase after this washing process, and as a result, the metallic powder in which 
minimal chloride components and coarse particles are contained can be 
produced efficiently, and thus the present invention was completed. 

That is to say, the characteristics of the process for production of the 
metallic powder of the present invention is to wash metallic powder which is 

obtained by contacting metal chloride vapor and reducing gas, in carbonic acid 

i 

aqueous solution. j 

In the process for production of the metallic powder of the piresent 

5 ! 
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invention, it is desirable that chloride components and/or hydroxide remaining 
on the surface of the metallic powder which is obtained by contacting metal 
chloride vapor and reducing gas be removed by washing in carbonic acid 
aqueous solution. Furthermore, it is desirable that the washing process in 
carbonic acid aqueous solution be conducted within a range of pH of 4.0 to 6.5. 

In the process for production of the metallic powder of the present 
invention, it is also desirable that metal chloride vapor and reducing gas be 
contacted to form the metallic powder, the metallic powder be put in pure 
water to form a water slurry, carbonic acid gas be dissolved in the water slurry 
to prepare a carbonic acid aqueous solution, and the washing process be 
conducted. Furthermore, in the process for production of the metallic powder 
of the present invention, it is also desirable that the metallic powder obtained 
by the method described above be classified in liquid phase. 

Furthermore, in the process for production of the metallic powder, it is 
desirable that the metallic powder be washed by the method described above, 
dissolved carbonic acid be removed from the aqueous solution, and the 
metallic powder be separated and collected. 

The metallic powder produced by the process for production of the 
present invention is desirably nickel powder. Furthermore the present 
invention also provides metallic powder obtained by the process for production 
described above, conductive paste which is contains the metallic powder, and 
multilayer ceramic capacitors including internal electrodes which are formed 
of the metallic powder. 

Brief Description of Drawings 1 

Fig. 1 is a drawing showing a vertical cross section of a production 
apparatus for the metallic powder of an Example of the present invention. 

6 
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Best Mode for Carrying Out the Invention 

i 

Next, the present invention is explained in detail by way of examples. 
The present invention can be applied to metallic powders which are 

produced by vapor phase reduction in which metal chloride vapor and 

i 

reducing gas such as hydrogen, ammonia, or the like are contacted, with each 

i 

other. Ni, Fe, Co, Cu or the like is desirable as a raw material for such 

i 

metallic powder, and in particular, the present invention is efficient in the 
production of nickel powder which is used as a raw material for internal 
electrodes of multilayer ceramic capacitor in which remaining chloride 
components may have a severe effect to efficiency of a capacitor. 

A particle diameter of metallic powders of the present invention is not 
limited in particular, but it is desirable that the particle diameter be 1.0 pm or 
less, advantageously that it be in a range of 0.05 to 0.5 ym, and more 

advantageously that it be in a range of 0.1 to 0.4 pm, in a range of 1 to 40 m 2 /g 

i 

to describe in specific surface area by BET. These metallic powders can be 

i 

produced by techniques already known. , 

First, a process for production of the metallic powder which is applied 
by the method of the present invention is simply explained by way of example 
of nickel powder. Nickel powder and hydrogen chloride are generated by 
contacting nickel chloride vapor and hydrogen gas in condition of vapor phase 
in a reducing furnace. Nickel chloride vapor can be generated by heating and 
vaporizing nickel chloride solid. However, from the viewpoint of prevention 
of oxidation and moisture absorption and energy efficiency of nickel chloride, 
it is more advantageous that nickel chloride vapor be generated continuously 
by contacting nickel metal and chlorine gas, that this nickel chloride vapor be 
directly supplied to reduction process, and that the nickel chloride vapor be 
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I 

I 

i 

t 

reduced continuously by contacting with hydrogen gas to produce nickel 

i 

powder. I 

i 

The particle diameter can be controlled by changing several! conditions 

such as flow velocity, residence time, partial pressure, reducing temperature, 

I 

and cooling process after reduction of fed nickel chloride gas. Nickel powder 
which is produced in a reduction process is exhausted from the reduction 
process with hydrogen chloride, nitrogen gas, and metal chloride vapor which 
is not yet reacted. The exhausted mixture is fed into water, oil, or ; bag filter 
to be separated and collected. After that, the nickel powder is fed to 
necessary processes such as washing, classifying, and drying. Alternatively, 
exhausting and washing can be conducted at the same time. 

Chloride components such as hydrogen chloride or metal chloride 

which is not reacted yet remain on the surface of the metallic powder which is 

i 

immediately after production by the vapor phase reduction mentioned above. 

The total amount of these chloride components is, depending on the conditions 

i 

of reduction or diameter of the metallic powder, in a range of about 0.005 to 2% 

i 

by weight (50 to 20000 weight ppm). The smaller the particle diameter, the 

i 

larger the amount of chloride components on the nickel powder. A 
characteristics of the present invention is that the washing process of the 
metallic powder containing chloride components is conducted in carbonic acid 
aqueous solution. 

In order to remove chloride components, metallic powder was washed 
with pure water or aqueous ammonia up until now. However, such washing 
process results to remaining hydroxide, such as nickel hydroxide, on the 

surface of the metallic powder. If the metallic powder having hydroxide on 

i 

its surface is dried, non-uniform oxide layer is generated or hydroxide remains, 
and as a result, dispersibily may deteriorate or properties may be unstable 
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! 

after preparation into a paste. However, by applying the washing process 
using carbonic acid aqueous solution of the present invention, not only 
chloride components but also hydroxide on the surface of the metallic powder 
can be removed as described above. 

i 

Methods of the washing process are explained concretely next. 

i 

(1) A method in which after carbonic acid is dissolved into water to prepare 
carbonic acid aqueous solution, the metallic powder is put into the solution 
and washed. 

(2) A method in which after the metallic powder is put into water, and carbonic 
acid is dissolved into the solution to prepare carbonic acid aqueous solution 
and the metallic powder is washed. ] 

(3) A method in which after carbonic acid is dissolved into water to prepare 
carbonic acid aqueous solution, the metallic powder is put into the solution, 
and the metallic powder is washed while carbonic acid is dissolved further. 

The washing process by carbonic acid aqueous solution can be applied 

i 

in the collecting process of produced metallic powder immediately after the 
reduction process, after the metallic powder is separated and collected, or 
after the metallic powder is classified. Tap water, well water, or the like can 
be used in the washing process of the metallic powder. In the case in which 
high purity water is required, water in which ions have been removed by ion 
exchange resin, or filtered water, is usable. Water in which dissolved oxygen 
is removed is desirable. Ultra-high purity water having no conductivity 
exhibits superior washing effects. 

In the present invention, carbonic acid is prepared by dissolving 
carbonic acid into the water described above. Since solubility of carbonic acid 
at 25°C, 1 atm is about 0.15%, a carbonic acid aqueous solution is prepared in 
a range of 0.05% to saturated concentration, and the pH of the washing 

9 
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solution is desirably in a range of 4 to 6,5, more desirably 5 to 6.5. , 

An Example of the washing process is explained concretely next. 

Metallic powder containing chloride components is added to carbonic 

i 

acid aqueous solution and agitated sufficiently to remove chloride components. 

After standing, the metallic powder is separated by removing supernatant by 

i 

decantation or filtering the solution. If necessary, this process can be 
repeated. In the washing process by carbonic acid aqueous solution of the 

present invention, the metallic powder agglomerates together to some extent, 

i 

and precipitates immediately. Therefore, decantation or filtering can be 
conducted extremely efficiently, and as a result, chloride components can be 
removed efficiently. 

The washing process by carbonic acid aqueous solution is applied 
under normal pressure or pressurized condition. In the case in which the 
washing process is applied under pressurized condition, it is conducted by 
feeding carbonic acid having a pressure of 0.1 to 5 MPa (gage pressure) into 

water or water and metallic powder suspension in a pressure vessel. The 

i 

concentration of carbonic acid is increased under pressurized condition, and 

I 

chloride components contained in large amount of metallic powder can be 

i 

removed efficiently even in small amount of water. The temperature of the 

washing process is desirably in a range of 10 to 60°C, and more desirably 20 to 

i 

50°C from the viewpoint of solubility of carbonic acid and washing efficiency. 
Ratio of the metallic powder and the washing water is, depending on the 

amount of chloride components, about 50 to 1000 parts by weight of water per 

i 

100 parts by weight of metallic powder. 

The chloride components can be efficiently removed by washing the 
metallic powder with carbonic acid aqueous solution as described above. For 

example, in the case in which nickel powder containing 0.05% by weight of 

i 

10 
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I 

chloride components is washed, most of the chloride components is removed by 
washing only once, and after washing is conducted a few times, the; chloride 

components is decreased to 50 ppm or less. After washing process is 

i 

conducted by the method of present invention, the metallic powder can be 

i 

separated and collected by precipitating the metallic powder and removing 
carbonic acid from the carbonic acid aqueous solution containing tlje metallic 

powder by heating or reducing pressure. I 

i 

Furthermore, in the present invention, after the washing process 
described above, the metallic powder can be classified in a liquid phase if 
necessary. In the washing process of known techniques mentioned above in 
which water containing chelating agent or organic acid is used, such a 

compound is absorbed on the surface of the ultrafine metallic particles, and 

i 

the compound is difficult to remove even if washed by pure water. ] Therefore, 

the ultrafine metallic particles are agglomerated together to form coarse 

i 

particles, the agglomerated coarse particles are removed in a liquid phase 

i 

classifying process after the washing process, and as a result, the jaeld of the 

metallic powder extremely deteriorated. However, in the washing process of 

i 

the present invention, although the metallic powder is agglomerated in the 
washing process, the metallic powder is dispersed again by substituting 

carbonic acid aqueous solution with pure water, or by heating and removing 

i 

carbonic acid after the washing process. In this way, from the viewpoint of 

removing coarse particles and yield of the metallic powder, efficiency of the 

i 

classification can be improved. As a classifying method which can be 

i 

performed in a liquid phase, there is a precipitating method, liquid! cyclone, or 
the like. 

As described above, the metallic powder is washed by carbonic acid 
aqueous solution, classified by removing coarse particles if necessary, 
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separated from water by decantation or filtering, and dried to form a product. 
The method of the present invention is superior in efficiency of chloride 
components removing, is superior in sedimentation of the metallic powder 
after being washed, is able to separate and collect the metallic powder more 
easily, and is able to treat waste liquid more easily, compared to the known 
washing methods by water containing organic acid or chelating agent. 
Furthermore, removing processes for the remaining organic compounds on the 
surface of the metallic powder is not required because the compound does not 
remain after the washing process of the present invention, and even if the 
compound does remain, it can be easily removed. 

The metallic powder of the present invention produced as described 
above contains little chloride components, specifically, 100 ppm or less, 
desirably 50 ppm or less, and more desirably 10 ppm or less. The average 
particle diameter is in a range of 0.1 to 0.5 pm, the oxygen content is in a 
range of 0.1 to 1%, and the metallic powder has a uniform oxide layer having a 
thickness of about a few nm on its surface. 

Next, in a preparing method for a conductive paste of the present 
invention, an organic dispersing agent is added to the metallic powder such as 
nickel powder of the present invention and is mixed. That is to say, the 
conductive paste is prepared by a method in which the metallic powder of the 
present invention is added to an organic dispersing agent including organic 
solvent (organic vehicle) such as turpeneol, decyl alcohol and cellulose based 
organic resin such as ethyl cellulose, and is mixed. Furthermore, plasticizer 
such as phthalate can also be added. In this way, the metallic powder is 
highly dispersed and does not agglomerate in the conductive paste prepared 
with the metallic powder of the present invention. Therefore, multilayer 
ceramic capacitors prepared using the conductive paste exhibits superior 

12 
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i 

characteristics and shorts and delaminations do not occur. | 

Next, an example of the production of multilayer ceramic capacitors in 
which internal electrodes contain the metallic powder, in particular nickel, of 
the present invention, is explained as follows. 

First, barium titanate as a main component and dielectric ceramic 
composition powder which is containing metal oxide such as magnesium oxide, 
dysprosium oxide, barium oxide, calcium oxide, silicon oxide, and vanadium 
oxide are placed into an organic vehicle which is prepared by dissolving binder 
such as ethyl cellulose into an organic solvent to prepare a dielectric paste. 
On the other hand, nickel powder having an average diameter of 0.1 to 0.4 jim 
of the present invention and the organic vehicle mentioned above are mixed to 
prepare conductive paste for an electrode. Next, the dielectric paste is 
formed into a sheet by a doctor blade method to prepare a dielectric green 
sheet. On the other hand, the conductive paste for an internal electrode 

mentioned above is coated on the dielectric green sheet by screen printing. 

i 

After they are alternately laminated, this laminated sheet is cut into fixed 
dimensions to form a green chip. The green chip is heated at 250 to 300°C in 

the atmosphere to remove binder. Next, it is baked at 1100 to 1300°C under a 

i 

reducing atmosphere such as hydrogen to form a ceramic layered product. 
After that, the ceramic layered product is annealed at 500 to 1000°C under an 
atmosphere of oxygen to oxidize the dielectric layer again. Next, external 
electrodes which are composed of the same metal as internal electrodes are 
formed on both end faces of the ceramic layered product so as to connect 

electrically with the internal electrodes, and plating process is applied on the 

i 

external electrodes, if necessary, to form multilayer ceramic capacitor. 

i 

Examples 

13 i 
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Next, the present invention is explained in detail by way of examples. 
Average particle diameter and chlorine content are measured by the 
following methods. 

Measurement of average particle diameter 

A picture of the metallic powder (nickel powder) is taken by an electron 
microscope, diameters of 200 metallic particles in the picture are measured, 
and the average thereof is calculated. Diameter of the smallest circle which 
encircles a particle is regarded as the diameter of the particle. 
Measurement of chlorine content in the metallic powder 

Chlorine content in the metallic powder is measured by combustion 
coulometric titration. ■ 
A. Production and washing of nickel powder 
[Example l] 

(Production of nickel powder by vapor phase reduction) 

In a metallic powder production apparatus shown in Fig. 1, nickel 
powder having average diameters of 0.4 pm was produced in the manner 
explained below. 15 kg of nickel grain (M) was placed in a chlorination 
furnace 1, the temperature inside the furnace was set to 1100°C, and chlorine 
gas was supplied through chlorine gas supplying pipe 14 into the chlorination 
furnace 1. Nickel metal was chlorinated and NiCb vapor was generated. 10 
mol % of the supplied amount of chlorine gas was nitrogen gas which was 
supplied through an inert gas supplying pipe 15 equipped on a lower and side 
part of the furnace, mixed with NiCh vapor, and the mixture gas was fed into 
reduction furnace 2 through nozzle 17. At the same time, hydrogen gas was 
supplied into the reduction furnace 2 through reducing gas supplying pipe 21 
equipped on top of the reduction furnace 2 to reduce nickel chloride vapor. 
After the reduction process mentioned above, nitrogen gas was 

14 
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supplied through cooling gas supplying pipe 22 equipped on lower and side 
part of the reduction furnace 2 to quench nickel powder (P) and hydrochloric 
acid which were generated in the reduction, and the nickel powder was 
separated and collected by filtering. The average diameter of the nickel 
powder was 0.4 pm. 
(Washing of the nickel powder) 

• The first washing- 1 kg of collected nickel powder was put into 1 liter of 

carbonic acid aqueous solution in which the pH was controlled to 4.1 by 

i 

dissolving carbonic acid, and the solution was agitated for 10 minutes at 40°C. 
After 45 minutes of standing, supernatant was removed by decantation. 

• The second washing- The nickel powder which was separated and collected 
by decantation was put into 1 liter of pure water, carbonic acid was dissolved 
into the water and the pH of the solution was controlled to 4.1, and the 
solution was agitated for 10 minutes at 40°C. After standing, supernatant 
was removed by decantation. 

• The third and fourth washing- The second washing process described above 
was repeated 2 more times. 

Applying washing process 4 times as described above, to obtain the 
nickel powder of Example 1. 
[Example 2] 

In Example 1, a gas mixture in which dilution ratio of NiCb vapor was 
increased by adding nitrogen gas beforehand, that is, the partial pressure of 
NiCb was reduced was fed into the reduction furnace 2 through the nozzle 17, 
reduced by hydrogen, and collected by filtering to produce nickel powder 
having an average diameter of 0.2 pm. This nickel powder was washed 4 
times in the same way as in Example 1, and the nickel powder of Example 2 
was obtained. 

15 
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[Comparative Example l] | 

The nickel powder which was produced in Example 1 (Average 

i 

diameter" 0.4 pm) was put into pure water, washing process was conducted 4 
times in the same way as in Example 1, except that carbonic acid was not 
dissolved. [ 
[Comparative Example 2] 

The nickel powder which was produced in Example 2 (Average 

diameter* 0.2 pm) was put into pure water, washing process was conducted 4 

i 

times in the same way as in Example 2, except that carbonic acid was not 
dissolved. ! 

Chlorine content of the nickel powder in Examples 1 and 2 and 
Comparative Examples 1 and 2 were measured. The results are shown in 
Table 1. 

i 

Table 1 

Chlorine content (ppm) ] 





Average particle diameter 0.4 urn 


Average particle diameter 0.2 pm 


Example 1 


Comparative 
Example 1 


Example 2 


Comparative 
Example 2 


Before washing 


880 


880 


16100 


16100 


The first washing 


60 


210 


4700 


5200 

i 


The second washing 


17 


50 


1700 


1800 


The third washing 


5 


24 


60 


1500 


The fourth washing 


3 


10 


20 


620 

1 



According to Table 1, the chlorine content was reduced from 880 ppm to 

i 

60 ppm by the first washing in Example 1. On the other hand, the chlorine 
content was reduced to 210 ppm in Comparative Example 1. The pH of the 
solution after the first washing to the fourth washing in Example l| were 5.7 to 
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I 

5.9. In Example 2, the chlorine content of the nickel powder was 1.6% by 

I 

weight before washing process, it was reduced to 60 ppm after the third 
washing, and 20 ppm after the fourth washing with carbonic acid aqueous 

solution. On the other hand, in the case of the washing process with pure 

i 

water, it was reduced to 1500 ppm after the third washing and 620, ppm after 

i 

the fourth washing in Conparative Example 2. 

[Comparative Example 3] j 

1 kg of the nickel powder which was produced in Example 1 (Average 
particle diameter- 0.4 pm) was put into 10 liters of 0.02% by weight of EDTA 
aqueous solution at 40°C and agitated for 10 minutes. The nickel powder was 
precipitated and supernatant was removed by decantation. The nickel 
powder was washed by repeating this process 3 times. By this washing 
process, chloride components of the nickel powder was reduced from 880 ppm 

to 15 ppm. | 

i 

[Comparative Example 4] 

1 kg of the nickel powder which was produced in Example 1 (Average 

particle diameter : 0.4 pm) was put into 10 liters of 0.02% by weight of tartaric 

t 

acid aqueous solution at 40°C and agitated for 10 minutes. The nickel 
powder was precipitated and supernatant was removed by decantation. The 
nickel powder was washed by repeating this process 3 times. By tlhis 
washing process, the chloride component of the nickel powder was reduced 
from 880 ppm to 20 ppm. 

B. Ability to separate and precipitate nickel powder in water suspension 

Next, the abilities to separate and precipitate nickel powder in water 

suspension after removing chloride components were observed. 

Ability to precipitate j 

The suspension of the nickel powder after washing process in Example 
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1, Comparative Examples 1, 3, and 4 were sampled and nickel powder 
suspensions A, B, C, and D (concentration of nickel powder in each was 10% by 
weight) were prepared and precipitation tests were performed. The results 
are shown in Table 2. 

i 

Suspension A- pure water + nickel powder (Comparative Example l) 
Suspension B- carbonic acid aqueous solution (pH 5.1) + nickel powder 
(Example l) 

Suspension C- EDTA (0.02%) aqueous solution + nickel powder 
(Comparative Example 3) j 

Suspension D'- tartaric acid (0.02%) aqueous solution + nickel powder 
(Comparative Example 4) 

Measurement of precipitation time is explained next. 

Each suspension described above was put in a measuring cylinder with 
a ground-in stopper having volume of 1000 ml, the measuring cylinder was 
inverted 10 times, and after standing, the positions of the interface between 
supernatant and precipitate were measured per period. Furthermore, after 
precipitation was completed, the precipitate layer was agitated by a glass rod 
by hand, and the hardness of the precipitate was observed. 
Ability to separate 

In suspension A (Comparative Example l), B (Example 1), C 
(Comparative Example 3), and D (Comparative Example 4) described above, 
suspensions B, C and D were washed by decantation with pure water 5 times. 
These suspensions are substituted by pure water to prepare suspensions 
again, dispersed by ultrasonic washer. Particle size distributions of nickel 
powder in these suspensions were measured by a laser scattering instrument 
(trade name: LS230, produced by Coulter, Inc.). The results are also shown 
in Table 2. D90, D50, and D10 mean accumulated particle size at 90%, 50% 
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and 10% respectively, in particular, the greater the values of D90 arid D50 

i 

become, the more the metallic powder is agglomerated and dispersibility is 

i 

lowered. ] 
Table 2 ' 



Ability to separate and precipitate 





Ability in classification and particle size 
distribution of nickel powder after washing 


Precipitation 
time (minutes) 


Condition of 
precipitation 




D90 


D50 


D10 




Suspension A 
(Comparative 
Example 1) 


1.20 


0.55 


0.40 


No precipitation 
after 30 minutes 


Smooth after 

standing 

overnight 


Suspension B 
(Example 1) 


1.35 


0.65 


0.30 


10 


Smooth 

i 


Suspension C 
(Comparative 
Example 3) 


2.40 


1.20 


0.70 


5 


Fixed (difficult to 
disperse again) 


Suspension D 
(Comparative 
Example 4) 


2.45 


1.25 


0.70 


5 


Fixed (difficult to 
disperse again) 



As is clear from Table 2, the nickel powder washed by carbonic acid 



aqueous solution of the present invention is slightly agglomerated together, is 
precipitated immediately, and the precipitated layer is soft and easy to 
entangle. Agglomeration of the nickel powder is dispelled by washing and 
substituting with pure water, and the nickel powder is highly dispersed again. 

Therefore, wet classification such as decantation or liquid cyclone is easy to 

i 

perform. Also, carbonic acid which is remaining to the surface of the nickel 
powder is easily removed by washing with pure water or by heating! 

As explained above, in the present invention, metallic powder in which 

chloride components and coarse particle are only contained slightly can be 

i 

produced efficiently by washing the metallic powder obtained by a vapor phase 
reducing method with carbonic acid aqueous solution. J 



! 
i 
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CLAIMS 

I 
I 

1. A process for production of metallic powder comprising- 
forming metallic powder by contacting metal chloride vapor and 

reducing gas, 

washing the metallic powder in carbonic acid aqueous solution. 

2. The process for production of the metallic powder according to claim 1, 
wherein after metal chloride vapor and reducing gas are contacted to form the 
metallic powder, chloride and hydroxide remaining on the surface of the 
metallic powder is removed by washing with carbonic acid aqueous solution. 

3. The process for production of the metallic powder according to claim 1, 
wherein the washing process in carbonic acid aqueous solution is conducted in 
a range of from pH 4.0 to 6.5. 

4. The process for production of the metallic powder according to claim 1, 
wherein after the metallic powder which is obtained by contacting metal 
chloride vapor and reducing gas is fed in pure water to form a water slurry of 
the metallic powder, carbonic acid gas is fed in the water slurry to prepare 
carbonic acid aqueous solution, and the metallic powder is washed in the 
solution. 

5. The process for production of the metallic powder according to claim 1, 
wherein the metallic powder obtained by the method according to claim 1 is 
further classified in liquid phase. 
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6. The process for production of the metallic powder according to claim 1, 
wherein after the metallic powder is washed by the method according to claim 
1, dissolved carbonic acid is removed from the washing solution, and the 
metallic powder is separated and collected. 

7. The process for production of the metallic powder according to claim 1, 
wherein the metal is nickel. 

8. A metallic powder obtained by the method according to claim 1. 

i 

9. A conductive paste comprising the metallic powder according to claim 
8. 

10. A multilayer ceramic capacitor comprising internal electrodes, wherein 
the internal electrodes are composed of the metallic powder according to claim 
8. 
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